Background: Preeclampsia is a hypertensive disorder of pregnancy with a high rate of neonatal and maternal morbidity and mortality. The only definitive treatment is delivery. Through pre-clinical studies, proton pump inhibitors (PPIs), which are commonly and safely used in pregnancy, have been identified as potential therapeutic agents. Objective: To undertake a systematic review evaluating PPIs in the prevention and/or treatment of preeclampsia and gestational hypertension. Search strategy: Electronic databases were searched from inception to 2018. Search terms included preeclampsia, proton-pump inhibitors, pregnancy-induced hypertension, lansoprazole, rabeprazole, esomeprazole and omeprazole. Selection criteria: Studies were included if they were randomized control trials, case-control or cohort studies on human subjects. Case reports, review articles, opinion pieces and conference abstracts were excluded as well as studies with no or inappropriate control arms. Data collection and analysis: Only one eligible study was identified, so no analyses were able to be performed. Main results: There was only one clinical trial eligible for inclusion. This was a randomized clinical trial investigating the role of PPIs in the treatment of preterm preeclampsia in a high-risk, inpatient setting. This was a negative finding, with no change in the primary outcome of prolongation of gestation between the PPI group and placebo control. Conclusion: There is a scarcity of clinical trials published investigating the therapeutic potential of PPIs for preeclampsia and gestational hypertension. Of the one available study, PPIs were not found to proHow to cite this paper:
Introduction
Preeclampsia is a hypertensive disorder of pregnancy, affecting 3% -8% of pregnant women, globally [1] [2] . It is a leading cause of maternal and neonatal morbidity and mortality, with 10% -15% of all maternal deaths directly associated with preeclampsia and eclampsia [3] [4] . Currently, there are no medical therapeutics available for preeclampsia and delivery is the only definite treatment, which at preterm gestations can result in significant neonatal morbidity and mortality [5] [6] .
It is widely accepted that the preeclamptic placenta undergoes abnormally shallow invasion resulting in hypoxia, oxidative stress and inflammation, stimulating the release of anti-angiogenic molecules, soluble Fms-like tyrosine kinase-1 (sFLT-1) and soluble endoglin (sEng) [7] [8] . These factors enter the maternal vasculature and freely circulate, inflicting widespread endothelial dysfunction and ultimately cumulating in the clinical manifestations of disease [9] [10] .
Although antihypertensives are used to reduce blood pressure and magnesium sulphate can be used to reduce the risk of eclampsia, neither are able to stop disease progression. Given this, there is a focus on identifying safe and effective therapeutics for preeclampsia. Several agents have been studied as potential therapeutics for preeclampsia. Aspirin is currently recommended for pregnant women at high risk of developing preeclampsia where it may decrease the incidence of preeclampsia by around 10% among high risk cohorts [11] [12] . Calcium is also widely prescribed to prevent preeclampsia; however, a benefit has not been shown in calcium-replete populations [5] [13] . L-arginine, a basic amino acid precursor of nitric oxide, has also been investigated as a preventative agent. Vadilo-Ortego et al. reported L-arginine supplementation with antioxidant vitamins reduced preeclampsia in high risk women [14] . There are no other agents that have been shown to prevent preeclampsia.
Through preclinical investigation we have identified proton pump inhibitors (PPIs) as potential therapeutics for preeclampsia. PPIs are used to treat gastric reflux and importantly, are commonly used during pregnancy due to an established safety profile, with large cohort studies demonstrating PPI exposure during pregnancy does not have a detrimental effect on neonatal wellbeing [15] [16] [17] . There is some recent evidence from a meta-analysis of retrospective, cohort studies that PPIs may increase the incidence of childhood asthma [18] . However, this evidence does not support a causative effect and no change in prescribing In 2017, members of our team were the first to report that PPIs may have potential as therapeutics for preeclampsia [7] [8] . In laboratory studies we demonstrated that PPIs significantly reduced the secretion of two anti-angiogenic factors that may be driving the pathogenesis of preeclampsia, sFLT-1 and sEng.
Additionally, PPIs rescued endothelial dysfunction in-vitro and ex vivo and significantly reduced blood pressure in a mouse model of preeclampsia. Furthermore, a secondary analysis of a prospective cohort study of 430 women supported these findings, where it was found that sFLT-1 and sEng levels were lower among women with confirmed or suspected preeclampsia who were coincidentally taking PPIs, compared with non-PPI users [19] .
Given these findings, we aimed to investigate the clinical evidence for the therapeutic role of PPIs for preeclampsia via a systematic review of the current literature.
Objective
To undertake a systematic review evaluating the use of PPIs during pregnancy and the development of hypertensive disorders, including preeclampsia and gestational hypertension.
Methods
The review protocol for this study is registered through PROSPERO (CRD 42018109410). The study followed Preferred Reporting Items for Systematic Review and Meta-analyses (PRISMA) guidelines.
Search Strategy
We used a predefined, computer-based search strategy including the search terms proton pump inhibitors, preeclampsia, hypertension, pregnancy induced, lansoprazole/omeprazole/esomeprazole/rabeprazole. The search term "preeclampsia" was used first, followed by "proton-pump inhibitors", followed by "hypertension, pregnancy induced", and then "lansoprazole/omeprazole/ esomeprazole or rabeprazole". We then combined searches 2 and 4, followed by 1 and 3 and the results of these secondary searches were finally combined. We used this search strategy in MEDLINE, EMBASE, OVID and Cochrane databases up to October 2018.
Inclusion Criteria and Selection
Studies were chosen to be included if they were randomized control trials, case-control or cohort studies. Case reports, review articles, opinion pieces and conference abstracts were excluded as well as studies with no control or inappropriate control groups. Preclinical studies and studies in languages other than English were also excluded.
Data Extraction
For each included article, 2 reviewers (MD and RH) planned to extract data on both clinical and methodologic study characteristics using a standardised data extraction form, with any dispute resolved by a third reviewer (FB). However, as only one study was identified to be eligbible this was not possible and a narrative review of this study was performed. The quality of study and assessment of bias was performed using the RoB 2.0 tool [20] . The tool is structured into five domains through which bias might be introduced into the result and each domain has signaling questions designed to assess the risk of bias. The five domains are; bias arising from randomization, bias due to deviations from intended interventions, bias due to missing outcome data, bias in measurement of the outcome, bias in selection of the reported result. The responses of each signaling question may be "no", "probably no", "yes", "probably yes", or "no information". From this, each domain is judged as having "low risk", "some concerns", or "high risk".
Results
Of six studies initially identified in our search, five were ineligible, leaving one remaining study eligible for qualitative synthesis (Figure 1 ). Of the five that were ineligible, three were excluded as they investigated the effect of PPIs on endothelial markers in vitro, one study investigated the effect of esomeprazole compared to magnesium sulphate using preeclamptic rats and the last was a review of the treatment of reflux disease in pregnancy and lactation. The remaining study that was eligible for inclusion in the analysis investigated PPIs in a randomized placebo-controlled trial among women with preterm preeclampsia. Given there is only one study that was considered eligible for inclusion in this meta-analysis according to our prespecified inclusion criteria, we were unable to proceed to data extraction and meta-analysis. Instead, we will describe the findings of the eligible study.
Cluver et al. recently published their study evaluating whether oral esomeprazole can prolong pregnancies complicated by preterm preeclampsia [21] . This was a double-blinded, placebo-controlled, randomized trial based in South Africa, where the incidence of preeclampsia is higher than in high income countries [5] . Women with preterm preeclampsia were assigned to 40 mg of daily esomeprazole, or an identical placebo. The primary outcome was prolongation of pregnancy by 5 days, and secondary maternal and neonatal outcomes were also reported. There was no change in the primary outcome between the groups (median 11.4 days in the esomeprazole group vs 8.3 days in the placebo group), however there was a non-significant trend in prolongation by 3 days in the esomeprazole group. No difference was found in sFLT1 and sEng concentrations between groups. There were also no significant differences in secondary maternal, fetal, and neonatal outcomes, except for placental abruption, however this was not significant after adjustment [21] . Using the RoB 2.0 tool [20] , we assessed this single study for risk of bias and a judgement of low risk of bias across all domains was found (Table 1 ). 
Discussion
There is laboratory evidence [7] [8] and data from observational studies to [19] suggest PPIs may have a role as a therapeutic agent in the prevention and/or treatment of preeclampsia.
This systematic meta-analysis only identified one clinical trial investigating PPIs as a treatment for preeclampsia. No studies evaluating the potential of PPIs to prevent preeclampsia were identified. Five other studies were excluded as they did not meet inclusion criteria for this review. Although the study we identified was recently completed and the risk of bias was low, the study was small and unable to demonstrate a significant effect on prolongation of pregnancy when
PPIs were administered to preterm preeclamptic patients. There was, however, a non-significant trend towards reduced incidence of placental abruption among women treated with PPIs. The authors hypothesized that the negative finding may have been secondary to decreased circulating levels of esomeprazole due to the severity of proteinuria and suggest a higher dose of esomeprazole may be required to demonstrate a significant effect in this cohort.
The lack of studies identified in this review may be attributed to the fact that the investigation of PPIs as a therapeutic agent against preeclampsia is fairly new. However, despite a lack of clinical evidence in this area, reviews which include only one study, or even empty reviews, identify gaps in knowledge and provide important direction for future, targeted research [22] [23] . At the time of this review, there is a paucity of clinical data to support the preclinical findings detailed above and it is difficult to draw conclusions from the single trial included. There is one ongoing trial based in Egypt named the ESOPE trial (NCT03213639), which aims to investigate the role of esomeprazole for the treatment of early onset preeclampsia. There are two other trials registered that will investigate the role of PPIs in preventing preeclampsia and have a planned commencement date of 2019. A phase II clinical trial named ESPRESSO (ACTRN12618001755224) aims to administer 40 mg of esomeprazole or placebo to women identified at higher risk of developing preeclampsia. The primary outcome for this study is mean-arterial pressure at 36 weeks gestation. A larger phase III clinical trial will also be commencing in 2019, the APPLE PIE study (ACTRN12618000690257p), which is investigating the role of esomeprazole in 5500 obese, nulliparous women with the primary outcome being the incidence of preeclampsia.
The present analysis is significantly limited by a lack of existing research despite significant laboratory data. This systematic review should be updated when more studies are available in this area.
Conclusions
There is only one randomized controlled trial available investigating the potential of PPIs in the treatment of preeclampsia.
From this review, we observed that there is a paucity of clinical evidence. PPIs remain a promising therapeutic candidate given the strong preclinical data, therefore further investigations of PPIs are required in order to fully elucidate the clinical role of PPIs in the prevention and/or treatment of preeclampsia and any potential risks involved. 
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